A. macra displayed anti-tyrosinase activity, exhibiting 50% inhibition at 0.95 mg/ml, and extracts of A. purpurea (Mauritius) and A. vera displayed activity in a wound healing-scratch 2 assay. In vitro cytotoxicity screening of crude methanolic extracts of the Aloes, using the MTT (3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide) showed that only A. purpurea (Réunion) elicited a modest toxic effect against HL60 cells, with a percentage toxicity of 8.2% (A. purpurea -Réunion) and none of the Aloe extracts elicited a toxic effect against MRC 5 fibroblast cells at a concentration of 0.1 mg/ml. Mascarene Aloe species possess noteworthy pharmacological attributes associated with their rich phytochemical profiles.
Introduction
The genus Aloe (Xanthorrhoeaceae) has been traditionally used in the medicinal practice for thousands of years in many cultures of the world. Today, Aloe vera (L. Five different endemic Mascarene Aloe species were investigated using different approaches, with direct comparison of their biological activities with A. vera. macra ('forme rouge') [WS 98 0130] were collected but were not subjected to bioassay studies, although their chemistry was evaluated using gas chromatography-mass spectrometry (GC-MS) and high resolution liquid chromatography-mass spectrometry coupled with UV detection (LC-UV-MS/MS).
Materials and Methods

Plant material collection
LC-UV-MS/MS analysis
Analyses were performed on a Thermo Scientific system consisting of an 'Accela' U-HPLC unit with a photodiode array detector and an 'LTQ Orbitrap XL' mass spectrometer fitted with an electrospray source (Thermo Scientific, Waltham, MA, USA). Chromatography was performed on 5 µL samples (70% methanol extracts; as described in 2. (Schymanski et al., 2014) and supportive UV spectra; aloin A was also assigned by comparison with a reference standard (≥97%; Sigma-Aldrich, UK).
Determination of monosaccharide composition using GC-MS
Lyophilised mesophyll tissue (10 mg) of each Mascarene Aloe species was re-suspended in 500 µL of sterile distilled water and allowed to rehydrate in a sonicating water bath for 1 h.
The material was acidified to 2 M trifluoroacetic acid (TFA) and 100 µg internal standard (inositol) was added, followed by incubation at 110 °C for 2 h in sealed glass sample tubes, prior to centrifugation at 14,000 xg for 30 min and the supernatants were dried under nitrogen at 40°C. 400 µL of methanolic 1N HCl was added to the dried residue and incubated at 80°C overnight then dried under nitrogen at 40°C after addition of 100 µL tert-butanol. 1-(Trimethylsilyl) imidazole-pyridine (400 µL) was added to each sample, which were then incubated at 80°C for 30 min, dried under nitrogen at 40°C prior to re-suspension in 1 mL hexane for GC-MS analysis.
The GC-MS analyses were performed using a single-quadrupole Shimadzu QP-2010-Plus system fitted with a Restek Rxi-5Sil column (30 m × 0.25 mm × 0.25 µm). 2 µL of samples were introduced by split injection at a ratio of 1:20 and the carrier gas (helium) was set to a flow rate of 40 cm/sec. The injector temperature was 250 ⁰C and the initial oven temperature was 140 ⁰C, increasing at 2 ⁰C/minute to 180 ⁰C and held at this temperature for 5 minutes before increasing to 275 ⁰C at 10 ⁰C/minute, held for 10 minutes. The scan range was m/z 45 -1000. Seven monosaccharides (arabinose, fucose, galactose, glucose, mannose, xylose and inositol obtained from Supelco and Sigma-Aldrich) were used as reference standards, based on a previous study (Grace et al., 2011 ).
Preparation of extracts for bioassays
Lyophilised leaf samples (100 mg) of each Mascarene Aloe species were extracted in 10 mL of cold 70% (v/v) methanol, heated under reflux for 1 h, sonicated for 15 min and centrifuged for 10 min at 5000 rpm. The supernatant was filtered (0.45 µm filter) and analysed. For bioassays, the extracts were concentrated to dryness and the residues were re-suspended in water and stored in aliquots at -20°C. For all the experiments, dilutions of extracts were performed fresh on the day of the bioassay.
Antimicrobial assay
The serial dilution technique described by Eloff (1998) 
Anti-acne bioassay
The Aloe extracts were tested against Propionibacterium acnes (ATCC 11827) by determining the MIC values obtained by a microdilution method as described by Sharma et al., (2014) with slight modifications. P. acnes (ATCC 11827) was cultured from a KwikStick on mouse brain and heart agar and incubated under anaerobic conditions at 37°C for 72 h. The 72 h culture was suspended in nutrient broth and adjusted to an absorbance (A 600nm ) of 0.132. In a sterile 96-well plate, 100 µL of the plant extracts [8 mg/mL in 10% dimethyl sulphoxide, (DMSO)] and the positive control tetracycline was diluted with nutrient broth (100 µL). Two-fold serial dilutions were made in the nutrient broth and the bacterial suspension (100 µL) was added to all the wells of the microtiter plate. The final concentrations ranged from 2000-15.6 µg/mL for the plant extracts and 100-0.78 µg/mL for the positive control, tetracycline. To the control wells, 2.5% DMSO and bacterial suspension without additions served as the negative and bacterial controls, respectively. The plates were incubated for 72 h at 37 °C under anaerobic conditions. The MIC was determined by observation after addition of PrestoBlue reagent (20 µL).
Tyrosinase enzyme inhibition assay
The Aloe extracts were dissolved in dimethyl sulfoxide (DMSO) to a final stock concentration of 20 mg/mL. The stock sample solutions were two-fold serially diluted in 50 mM potassium phosphate buffer (pH 6.5) to a starting concentration of 3 mg/mL. In a 96-well plate, the sample solutions (70 µL) were combined with 30 µL of tyrosinase (48 Units/mL) in triplicate. The plate was incubated for 5 minutes at room temperature before the addition of 2 mM L-tyrosine (110µL) to each well. The final concentration of the extracts ranged between 1000-7.8 µg/mL. Kojic acid served as positive control with a final concentration ranging between 400-3.1 µg/mL. The absorbance of the wells was analysed at 492 nm for 30 minutes at room temperature with a BIO-TEK PowerWave XS multi-well plate reader. The 50% inhibitory concentration (IC 50 ) value was determined by using Graph Pad Prism 4 software (Momtaz et al., 2008) .
Wound healing (scratch) assay
The spreading and migration capabilities of the human keratinocyte HaCaT cell line were assessed using a scratch wound assay, which measured the expansion of a cell population on Cells were exposed to 0.1 mg/mL of the Aloe extracts with appropriate controls for 24 h before the cytotoxicity assay was performed (Pilarski et al., 2007 ).
MRC 5 fibroblast assay
The plates at a density of 2 x 10 4 per well. After incubation for 24 h, the cells were exposed to the Aloe extracts (0.1 mg/mL) and controls for 24 h before the cytotoxicity assay was performed.
MTT cell viability assay
The tetrazolium dye MTT (Sigma, UK) was used to assess the viability of HL60 and MRC 5
fibroblasts after 24 h pre-treatment with Aloe extracts as described by Abuhamdah et al., (2015) . 50 µL of PBS containing a final concentration of 5 mg/mL MTT was added to the cultures treated with the Aloe extracts (0.1 mg/mL) for 24 h and incubated at 37°C in 5% CO 2 for 2.5 h. The MTT-containing medium was then removed and the well surfaces were rinsed gently with 300 µL PBS prior to addition of 250 µL isopropanol. The absorbance of 100 µL samples was measured spectrophotometrically at 595 nm (Thermo Labsystems Multiskan Ascent, V1.3).
Statistical Analysis
All the experiments were performed in replicates (n = 3-6) and statistical analysis was carried out using one-way ANOVA followed by Tukey's test, performed using SPSS 16.0. The values of p < 0.05 were considered to be statistically significant.
Results and Discussion
LC-UV-MS/MS analysis
The LC-MS chromatograms (positive ESI) for each Aloe extract, with the main detected compounds and their assignments, are shown in Figure 1 . 
2"-O-Feuloylaloesin and 7-O-methylaloeresin A were not detected in any of the Mascarene
Aloes, so these might be useful marker compounds to distinguish these species from A. vera. In this study, a compound (13) 
7-O-Methylaloeresin A was first reported in
GC-MS analysis of monosaccharides
All species from the genus Aloe have succulent leaves but exhibit substantial variation in the thickness of the leaf mesophyll layer; the leaves are barely succulent in some species, whereas the leaf mesophyll is well developed in others (Grace et al., 2013) . The present study was conducted to determine the Mascarene Aloes monosaccharides content. GC-MS analysis revealed the presence of arabinose, fucose, xylose, mannose and galactose in all the Mascarene Aloes and A. vera (Table 1) 
Antimicrobial activity
The use of Aloe species to treat infections is perhaps the most popular medicinal application for the leaves in this genus. The antibacterial activity of the methanolic leaf extracts of the Mascarene Aloes and A. vera, using a micro-dilution assay, is presented in Table 2 Acne is an inflammatory disease of the sebaceous glands caused by the Gram-positive bacterium Propionibacterium acnes. In the present study, none of the Aloe extracts tested displayed significant inhibitory activity against P. acnes (Table 2) at the highest test concentration (2 mg/mL). This indicates that while the Mascarene Aloes have been used in traditional medicine for skin infections, they appear to lack sufficient efficacy against P.
acnes and are therefore unlikely to prove useful in mediating antibacterial effects as a topical application against acne.
Anti-tyrosinase activity
Hyper-pigmentation of the skin, caused by the over production of melanin, is a common problem that is prevalent in middle aged and elderly people (Mapunya et al., 2011) . With the potential use of A. vera in cosmetic products to target hyperpigmentation, and in view of the chemical variation observed between A. vera and the Mascarene Aloes, the tyrosinase inhibitory activity of the Mascarene Aloes was evaluated.
We found that, among all the Aloe extracts tested, only A. macra (WV 990110) showed inhibition of the enzyme, exhibiting 50% tyrosinase inhibition at 0.95 mg/mL, as compared to the positive control kojic acid, 0.003 mg/mL (Table 2) . A number of flavonoids such as quercetin, luteolin, apigenin, taxifolin have also been associated with tyrosinase inhibition (Xie et al., 2003; An et al., 2008) . Chromones and flavonoids may therefore have contributed to the anti-tyrosinase activity of the A. macra extract in this study, and our results suggest that this species may be explored further for its ability to inhibit melanin production and potential for its sustainable cultivation for use in cosmetics. 
Wound healing properties
The wound healing activity of A. vera has been studied extensively. To investigate the influence of the Aloe extracts on fibroblast migration and proliferation into the wounded monolayer, a scratch assay was employed with HaCaT cells. All extracts were tested at a concentration of 0.1 mg/mL and stimulation rate was expressed as a percentage of the closed area. The closed area with extracts of A. purpurea (Mauritius) was 74.1 %, and for A. vera, 64.2 % (Figure 2 ) compared to the controls, with 64.9 % and 56.4% closed area respectively.
These results indicate that A. purpurea (Mauritius) and A. vera have modest activity to reduce the damaged area after physical injury. To date, the relationship between various Aloe components and their wound healing effects has not been sufficiently elucidated.
Polysaccharides such as acemannan from Aloe species have been associated with wound healing effects (Barbul, 1990; Jia et al., 2008; Chantarawaratit et al., 2013) . , therefore the results from this study will further advocate the conservation of these Mascarene Aloes, which has been a key focus in previous work (Lobine et al., 2015) and which remains essential for the preservation of the floral biodiversity of these Islands.
